Inflammation is the immune response of the body to infection and injury. Inflammation aims at eliminating the pathogen or causative agent, removing necrotic cells and tissues and initiating repair process. IL-6. TNF-α and CRP are biomarkers of inflammation. This study sought to determine the pro-inflammatory markers among HIV patients on HAART and HAART naïve patients. This was a hospital-based, case control study conducted among 150 participants. HIV patients' on HAART (n = 50) and HAART naïve HIV (n = 50) patients and the control group (n = 50) was HIV Seronegative individuals. Venous blood was drawn from each of the participant. Serial dilutions of standards of TNF-α, IL-6 and CRP were made and mixed with 10 μL of patients' blood. Absorbance was read at 450nm within 15min with Mindray MR-96A reader. Among the study population, IL-6 levels was higher in HAART naïve HIV patients 17.66(13.00 -24.10) ng/L, and these same group also recorded the highest CRP and TNF-α levels of 1453(328.8 -2510) µg/L and 318.3(123.0 -497.9) ng/L respectively. The present study revealed elevated levels of pro-inflammatory cytokines (IL-6, CRP and TNF-α) in seropositive HIV groups compared to seronegative group.
Introduction
Inflammation is the immune response of the body to infection and injury. Inflammation aims at eliminating the pathogen or causative agent, removing necrotic cells and tissues and initiating repair process. Inflammatory markers such as IL-6, TNF-α and C -reactive protein (CRP) play some vital roles in the pathogenesis of HIV. Tumour necrosis factor (TNF) a glycoprotein of 185-amino acid was isolated in 1975. It is connected to the cell surface of mononuclear phagocytes by 212 amino-acid peptide. Macrophages are the main source of TNF although T cells, NK cells and mast cells when activated may secrete TNF. Interferon also supplements TNF synthesis. TNF attracts more inflammatory cells to the site of infection and elevated levels causes' heat, swelling, redness and pain at the site of infection. It also exerts systemic protective effect on the hypothalamus region of brain which causes fever. High levels TNF-α is understood to speed up pathogenesis in HIV patient [1] by supporting the NF-κB pathway transcription of new virion [1] [2] [3] . In human IL-6 is encoded as IL-6 gene and acts as pro-inflammatory and anti-inflammatory myokine. Macrophage, T cell, fibroblast and vascular endothelial cells release IL-6 when the body experience inflammation, burns and tissue damage. Just as TNF and IL-1, IL-6 also causes fever. IL-6 aids in the attraction of neutrophils to the site of infection and also initiate differentiation of B cells. IL-6 also stimulates the hypothalamus to synthesize Prostaglandin E2 which ensures changes in the set point of the body temperature. IL-6 is noted to be high in retroviral infection, autoimmune diseases and benign or malignant tumor patients and promotes HIV [4] [5] [6] . It mediates T-cell activation, stimulates proliferation of keratinocytes and at the beginning of acute inflammation, mediates the acute phase responses [7, 8] .There is increasing evidence that Il-6 is an important factor in pathogenesis of atherosclerotic disease and associated abnormalities of the serum lipid [9, 10] . In monocytic cells, IL-6 co-operates with TNF-α to augment HIV-1 replication at transcriptional and posttranscriptional levels [11] . During Acute phase response of chronic inflammation caused by bacteria, virus and other pathogens, there is an increase secretion of Il-6 from macrophage and adipocytes [12] . The rise in Il-6 level triggers the liver [13] to secret C-reactive protein (CRP). CRP is a ring-shaped, pentameric protein synthesize by activated hepatocytes in response to acute inflammation. CRP ensures phagocytosis by macrophage through it attachment to the phosphocholine on the surface of the antigen and then links it to the macrophage CRP receptor to complete opsonin-mediated phagocytosis. It may increase 50,000 times its initial level within two hour during inflammation and sustains for 48 hours. At a serum concentration of 10 mg/L in healthy human, it can increase as high as 40mg/L during viral infection; 40-200mg/L in bacterial infection and >200 mg/L during severe bacterial infection and burns [7, 14] . CRP can be a good indicator of immune activation in response to inflammatory damage or infection and has been shown to increase in HIV-1 infected individuals [13, 15] . CRP have been related to cardiovascular disease [14, 16] and atherosclerotic disease as well as some of the common diseases in PLWHAs. This study therefore sought to determine the levels of inflammatory cytokines in HIV patients on HAART and HAART naïve patients.
Material and methods
This was a hospital-based, case control study conducted from June to November 2014 in the Komfo Anokye Teaching Hospital (KATH), Kumasi, Ghana. 150 participants in all were recruited for this study. Hundred participants were recruited from the HIV clinic at KATH out of which 50 were on ART and the other 50 participants were treatment naïve. The 50 control group was selected from client visiting the blood bank unit of KATH to make voluntary donation. Whilst HIV patients between 18-45 years, newly diagnosis patient for at most six months for HAART naïve, HIV patient on HAART for at most one year and HIV patients without Immuno-compromised infection (example Tuberculosis, HCV, HBV) were included in the study, Patients with Hemoglobin levels less than 8g/dl and those having any Immunocompromised infection (example Tuberculosis, HCV, HBV) were excluded from the study. Also, the exclusion criteria for the control group were the same as those of the patients aside being negative for HIV.
Sample collection
7 ml of venous blood was drawn from each of the participant by venepuncture; 3 ml into K3-EDTA Vacutainer tube and 4 ml in coagulated tube. CD4 counts were done on each sample in the anti-coagulated tube. However, the blood samples in the BD Vacutainer ® SST™ Gel Separator Tubes were allowed to clot and serum obtained by centrifuging it at 3000 revolutions per minute (rpm). The serum samples were pipetted into cryogenic storage tubes and accumulated for a month at -20 ˚C prior to immunological analyses.
Determination of biomarkers
In this study, different concentration of the TNF-α standard (400, 200, 100, 50 and 25 µg/L), CRP standard (2400, 1200, 600, 300 and 150 µg/L) and IL-6 standard (20, 10, 5, 2.5 and 1.25 µg/L) was prepared by serial dilution using standard diluent. The samples were prediluted in a 1:150 ratio with a zero standard. 40 µl of the standards (TNF-α, IL-6 or CRP) and 10 µl patient sample was pipetted into the respective micro titre wells. The plate was tapped gently to mix the content; the plate was sealed and incubated at 37 °C for 30 mins. The wells were washed five (5) times with diluted wash buffer (diluted 30 folds with distilled water). After drying, 50µl horseradish peroxidase (HRP)-Conjugate reagent was added to each well, except blank well. The plate was then covered and incubated at 37 ºC for 30 minutes. The liquid was discarded after incubation and washed with a buffer solution repeatedly for five times and dried by patting. After that 50 µl of tetramethylbenzidine (TMB)-peroxide substrate colour developer was added to each well and incubated for 10 min at 37 ºC. Finally 50 µl of stop solution is added to each well to stop the reaction. Absorbance was read at 450 nm within 15 min with Mindray MR-96A reader.
Statistical analysis
The data was analyzed using the Statistical Package for Social Scientist (SPSS) Statistical Software (version 17.0, SPSS Inc., Chicago, IL, USA). Continuous variables which were expressed as mean ± standard deviation (SD) and nonparametric were express as median with interquartile range. For all statistical comparisons, the level of significance was set at p<0.05.
Results

Demographic characteristics of study population
The mean age of the HIV patients (38.57 ± 1.13 for those on treatment and 37.25 ± 1.19 for treatment naive) were significantly higher (P<0.0001) respectively than that of the controls (22.35 ± 1.03). The female participants (42 for those on treatment and 36 for the treatment naïve) far outnumber the male participants (8 for on-treatment and 14 for treatment naïve). However for the controls the number of males (37) was almost three times the number of females (13) ( Table 1) . Table 2 shows median levels of proinflammatory cytokines in the study population. There was a significantly higher median levels of IL-6, CRP and TNF-α in the order of Control<on-treatment group< treatment naïve group (p<0.0001) ( Table 2) . 
CD4 Count Analysis for study population
Mean levels of CD4 was significantly lower among treatment and treatment naïve HIV infected participants compared to control (p<0.0001) ( Table 3 .0). Values are presented as mean ± SD. † p<0.05; † † p<0.001; † † †p<0.0001 HIV patients (On-treatment and treatment naïve groups) compared to control
Pro-inflammatory cytokines in relation to the severity of CD4 count
Median levels of pro-inflammatory cytokines (IL-6, CRP and TNF-Alpha) significantly increased with decreasing CD4 count. Subjects with CD4 counts less than 200 cells/mm3 were associated with a significantly higher median levels of IL-6, CRP and TNF-Alpha compared to those with CD4 count of 500 cells/mm3 and more (p<0.05) in all the three groups ( Figures 1, 2 and 3) respectively. The level of proinflammatory cytokines were further stratified by gender as depicted in Table 4 . 
Discussion
This study observed a significant increase TNF-α, CRP and IL-6 in HIV patients. In effect, the cycle of HIV infection, immunosuppression, opportunistic disease, high TNF levels, and further induction of HIV expression could explain at least in part the progression of disease in HIV infected individuals. This study findings show six fold increase of TNF-α in HIV seropositive patient compare to the control group. Generally HIV infected persons are exposed to microbial translocation due to the preferential attack of the CD4 T cell at the mucosal tissue site like the gastrointestinal tract [7] . The presence of the bacteria in the interstitial space triggers immune response leading to the release of TNF-α by macrophage during the inflammation process. As this condition persists in HIV infection due the replicative effect of the virus there is a continuous rise in the level of TNF-α in the serum. High level of TNF-α have been noted to aid in the expression of HIV in infected cells [1] [2] [3] 17] which confirms that pathogenesis of HIV is associated with high level of TNF-α. This increased level of TNF-α induces the production of IL-6 by monocytic cells [18] This could have accounted for the significant increase in IL-6 level recorded in seropositive HIV groups than that of the control group. Other cells may also secrete IL-6 during inflammation and tissue damage together with vascular endothelial cells and fibroblasts in HIV infected patient. Persistent IL-6 production could therefore be an additional risk factor for the development of hyperlipidaemia in patient receiving HAART. Co-operation between IL-6 and TNF-α results in the up regulation of HIV production and potentiates the TNF-α-induced transcription of NFκB [18] . The high level of IL-6 induces the hepatocytes of the liver to secrete of C-reactive protein [19] .
Serum C-reactive protein concentration raise as the arterial walls inflames during atherosclerosis which is common in HIV infected patients. The C-reactive protein concentration increased by more than eight folds in the seropositive HIV groups compared to the control group in our study. CRP is capable of acting as an opsonin in the host response to infection and at the same time, limiting excessive damaging inflammatory response to the host [20] Individual with High level of CRP have an increased risk for cardiovascular disease relative to those with lower CRP concentrations [16, 21, 22] 
Conclusion
The present study revealed elevated levels of pro-inflammatory cytokines (IL-6, CRP and TNF-Alpha) in seropositive HIV groups compared to seronegative group. This increase further aggravates the condition of HIV patients especially those who are HAART naïve thereby affecting morbidity and mortality. Notwithstanding the toxicities associated with the use of HAART, HIV patients are encouraged to adhere to this treatment modality.
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